REMARKS 

In view of the above amendments and following remarks, reconsideration and further 
examination are requested. 

Formal replacement drawings for Figures 2, 3 and 4 have been filed, wherein replacement 
Figure 2 includes references symbol ~[Vz]-- to the right of reference numeral "13", replacement 
Figure 3 includes the word -constant- at the end of the text inside the uppermost dotted circle, and 
replacement Figure 4 has been labeled as -Prior Art-. 

In response to the objection as expressed by the Examiner in section 3 on page 2 of the Office 
Action, please note that claims 1-10 have been cancelled and that claims 11-31 have been added. New 
claims 1 1-29 recite — A method of recycling aqueous paint...-. Claims 11-31 are also believed to 
be free of the issues noted by the Examiner in sections 5-9 on page 4 of the Office Action. 

In response to the informalities noted by the Examiner in section 4 on page 3 of the Office 
Action, please note that the specification and abstract have been reviewed and revised to make 
editorial changes thereto and generally improve the form thereof, and a substitute specification and 
abstract are provided. No new matter has been added by the substitute specification and abstract. The 
issues raised by the Examiner in section 4 are believed to have been addressed by the substitute 
specification. 

The instant invention pertains to a method of recycling aqueous paint. Recycling of aqueous 
paint is generally known in the art, but suffers from drawbacks, as discussed on pages 1-3 of the 
original specification. Applicants have addressed and resolved these drawbacks by developing a 
method of recycling aqueous paint by utilizing a recycling system, wherein a total amount of liquid 
within the recycling system is controlled to be constant during spray-coating of an article with 
aqueous paint. 

By controlling the amount of liquid within the recycling to be constant it is possible to obtain 
a recycled paint that has a constant paint composition, without having to perform a compositional 
analysis of condensed paint, 

New claim 1 1 is believed to be representative of the inventive method as developed by 
Applicants. 



Claims 1-3 were rejected under 35 U.S.C. § 102(e) as being anticipated by Yamane. Claims 
1 -3 were rejected under 3 5 U. S .C. § 1 02(b) as being anticipated by Saatweber et al. Claims 4- 1 0 were 
rejected under 35 U.S.C. § 103(a) as being unpatentable over Yamane. Claims 6-8 were rejected 
under 35 U.S.C. § 1 03(a) as being unpatentable over Saatweber et al. And, claims 4, 5, 9 and 1 0 were 
rejected under 35 U.S.C. § 103(a) as being unpatentable over Saatweber et al. in view of Yamane. 

Forthcoming is a verified English Translation of priority Japanese Application 267340/2000, 
which will perfect Applicants' claim of priority such that the instant application has an effective filing 
date of September 4, 2000, which is prior to Yamane' s filing date of May 24, 2001 . Accordingly, 
Yamane is not available as prior art against the instantly claimed invention. Thus, only the rejections 
relying solely on Saatweber et al. will be discussed. 

New claim 11 generally corresponds to former claim 1. In rejecting claim 1 as being 

anticipated by Saatweber et al., the Examiner took the position that 

it is known that the total amount of liquid present within 
Saatweber et al.'s recycle system is maintained constant during 
the spray coating and recycling process because the permeate/filtrate 
from both ultra- filtration apparatus 17,25 are entirely recycled 
back in to the system via lines 19,27. 

This position taken by the Examiner is respectfully traversed for the following reasons. 

It is not disputed that permeate from ultra-filtration apparatus 1 7 and 25 is recycled back into 

spray booth 1 via lines 19 and 27; however, this by itself does not establish that Saatweber et al 

teaches or suggests 

controlling a total amount of liquid within said recycling 
system to be constant during the spray-coating of said 
article within said aqueous paint, as recited in claim 11. 

Specifically, during the spray-coating operation of Saatweber et al., as paint is applied to an 
article, components of the paint are consumed, i.e. a solid content and a liquid content of the paint 
become reduced, such that the overall solid content and liquid content within the system becomes 
decreased. Accordingly, the volume of paint within the system decreases during a coating operation. 
Saatweber et al. does not disclose or suggest any manner by which this decrease in volume is to be 
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compensated for such that the total amount of liquid within the recycling system is constant during 
spray-coating of the article. 

It is appreciated that in Saatweber et al., paint and other liquid is externally supplied into the 
system at some time, but this also by itself is not indicative of Saatweber et al. controlling a total 
amount of liquid within the recycling system to be constant during spray-coating of an article. In this 
regard, generally speaking, liquid is to be replenished into a recycling system of the type as disclosed 
by Saatweber et al. when an amount of some fluid within a container is shown to be beneath some 
threshold level. At this time, the container is replenished with the fluid. This is done for each of the 
containers holding fluids for the system. However, because it is not definite that all the containers 
will be replenished at the same time, it cannot be said that the replenishing of these containers exactly 
correlates to the above-described volume decrease resulting from a spray-coating operation in 
Saatweber et al., such that Saatweber et al. does not maintain constant within the system a total 
amount of liquid. 

Additionally, assuming arguendo that all containers were replenished simultaneously, this 
replenishing can arguably be performed only after a substantial volume of liquid within the system 
has been consumed during the spray-coating operation of Saatweber et al., i.e. only after a substantial 
amount of time has passed. During this passage of time the total volume of liquid within the system 
is not maintained constant, since the total volume within the system is continually decreasing due to 
consumption of components resulting from the spray coating of the article. 

Stated otherwise, a total amount of liquid within a recycling system for aqueous paint cannot 
be controlled to be constant unless one tries to control it to be constant. Saatweber et al. discloses 
no operations thereof that would lead one to believe that the amount of liquid in the system thereof 
is trying to be maintained constant. Thus, Saatweber et al. does not disclose or suggest that the 
amount of liquid within the system is controlled to be constant as required by claim 1 1, whereby 
claims 11-31 are allowable over Saatweber et al. 

With regard to the remaining claims please note the following: 

(i) new claims 25 and 27 generally correspond to former claims 4 and 5, which were not 
rejected over Saatweber et al. alone; 

(ii) new claims 12 and 18 generally correspond to former claims 2 and 3; 



-13- 



(iii) new claim 29 generally corresponds to former claim 6; and 

(iv) new claims 30 and 3 1 have been added to further distinguish the instant invention from 
Saatweber et al. 

In view of the above amendments and remarks, it is respectfully submitted that the present 
application is in condition for allowance and an early Notice of Allowance is earnestly solicited. 

If after reviewing this Amendment, the Examiner believes that any issues remain which must 
be resolved before the application can be passed to issue, the Examiner is invited to contact the 
Applicant's undersigned representative by telephone to resolve such issues. 



JMG/edg 

Washington, D.C. 20006-1021 
Telephone (202) 721-8200 
Facsimile (202) 721-8250 
February 17, 2004 



Respectfully submitted, 



Tsuyoshi YAMANE et al. 




Registration No. 46,500 
Attorney for Applicants 
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R E CYCLE SYSTEM OF METHOD FOR RECYCLING AQUEOUS PAINT 



FIELD OF THE INVENTION 

[0001] The present invention relates to a method for controlling a recycl e recycling 

system e£for aqueous paint in order to stably repeat a cycle in which aqueous paint is coated onto 
an article , collected and re-used. 

BACKGROUND OF THE INVENTION 

[0002] An aqueous Aqueous paint has widely been used for coating industrial products. 

Aqueous An aqueous paint is especially noted from the-ajDoint of re-use of resource without paint 
waste, because over-sprayed paint, i.e. aqueous paint that does not adhere with to an article to-be 
coat e d during coating thereof., is collected with water, filtered and condensed, followed by re - 
using it and then re-used as paint. The- Aqueous paint also tends to be more widely used by the 
reasons that because a filtrate of the paint is water, and tha^-because the paint is easily handled 
without any problem, such as air pollution, in comparison with ene- a paint using an organic 
solvent. 

[0003] A recycling system of an for aqueous paint currently used is proposed in, for 

example, Japanese Kokai Publication Hei 5 (1993) - 228422, of which a schematic view is shown 
in Fig. 4. In Fig. 4, when an article to be coated 250 is coated with an-aqueous paint 220 sprayed 
from a coating-gun 202 in a spray coating room 201, an over-sprayed paint 204 that does not 
adhere en-to the article is collected by water-curtain 203 formed from aqueous rinsing liquid. 
Liquid containing fee- this collected paint is partially sent to a- an ultra- filtration ultrafiltration 
apparatus 208 through a prefilt e r pre-filter 207 to separate it- the liquid into filtrate 213 and 
condensed paint 214. The filtrate 213 is used again as an aqueous rinsing liquid. The condensed 
paint 214 is subjected to condensation several times by the ultrafiltration ultra-filtration apparatus 
208. A small portion of the condensed paint 214 is sampled and subjected to compositional 
analysis so as to obtain by calculation an amount of each component to be supplied for forming 
r e cyc l e recycled paint, so that a supplement supplemental paint 209 is separately formed. The 
condensed paint 214 is then mixed with the sup pl e me nt supplemental p aint 209 in a 
supplemental supplement apparatus 210 to form an aqueous paint 211 for recycle use, which is 
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spray coated en- onto another article. 

[0004] After a certain period of operation of the above-mentioned r e cycle recycling 

system, aqueous paint that has not been coated en4he ~onto articles during a_coating operation, 
and that spreads out to adhere onto a wall surface of the coating booth, is etc. are eventually dried 
and solidified so as to become floating matter or anjmpurity. In order to remove the- this floating 
matter and-or impurity m -from the recycle recycling system, the coating booth is cleaned by -with 
water or booth circulating water 206 when a_coating operation is stopped. The~This_cleaning, in 
turn, significantly increases an amount of the booth circulating water 206 and results in extending 
a period of time for the-subsequent separation and condensation steps. If the-an amount of the 
booth circulating water 206 is too small, the floating matter and-or impurity is insufficiently 
removed and causes plugging of the prefi l ter pre-filter 207 and the ul traf i ltrat i o n ul tra-fi ltration 
apparatus 208. 

[0005] In the above mentioned Japanese Kokai Publication Hei 5 (1993) - 228422, the 

preparation of the supplement su pplemental paint 209 supplements the-removed components such 
as floating matter or anjmpurity and supplies water and low molecular weight volatile materials. 
The pr e paration Preparation of the suppl e m e nt supplemental p aint 209 is conducted by a 
compositional analysis of the-condensed paint 214^ and a calculation of supplementing an amount 
of each component from &e-a_result of the-this analysis. The supplementing Supplementing 
amounts obtained by the analysis does not make effective use of tike-sources of paint and it takes 
a relatively long time for preparing a rec y cle recycled paint. In addition, this method does not 
control a liquid amount of a_cleaning liquid and painty and therefor does not keep -maintain 
material balance throughout the system. 

OBJECT OF THE INVENTION 

[0006] The present invention is to provide a recycle system of recycling method for 

aqueous paint, wherein material balance is kept- maintained by integrally controlling a_liquid 
amount within t he recycl e a recycling system when- during spray-coating of an article . 
[0007] The present invention also provides a r e cycl e sy s tem o f recycling method for 

aqueous paint, which is simply conducted without compositional analysis or calculation of 
supplemental amounts of components from the-condensed paint that has been collected fro m in a 
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recycling the recycle system. Accordingly, the present invention provides a recycle s yst e m 
recycling method that can easily obtain a recycled paint having a constant paint composition 
without performing a compositional analysis. 

SUMMARY OF THE INVENTION 

[0008] The present inventors have found that the above-mentioned problems have been 

overcome by k e eping maintains material balance by way of controlling volume of each liquid 
derived from aqueous paint and booth circulation water moving within the- a recycling system. 
[0009] That is, the present invention provides wtth- within a recycle recycling system of 

for aqueous paint , a method comprising: 

coating an article to be coated with an aqueous paint in a water-curtain-type coating 

booth, 

collecting an over-spray paint that does not adhere with to the article by virtue of a water- 

curtain, 

sending the- this collected solution of paint and water to a condensation bath through a 
booth circulation water bath, 

separating i Hhis solution, by a-an ultra-filtration ultrafiltration apparatus, into condensed 
paint and filtrate, with the condensed paint being transferred to a paint tank, and 

taking the removing condensed paint out o f from the paint tank if necessary te-for 
adjustment adjust, followed by coating it- thls paint, as an aqueous paint , onto an article , 

wherein a total amount of liquid present within the recycle recycling system is controlled 
to be constant during spray-coating of an article with aqueous paint . 

[0010] In the recycling system of the present invention, the term "liquid amount" means a 

volume amount of liquid present in the recycl e recycling system, for example volume amount of 
booth circulation water, volume amount of filtrate, volume amount of collected liquid in the-a 
condensation bath and volume amount of condensed paint in the-a_paint tank, and the like, as well 
as volume amount of liquid present in pipe line- lines in the system. 

[0011] In the present invention, a total amount of liquid present within the recycle 

recycling system should be controlled to be constant during spray-coating of an article . This is 
achieved by that-a total of a volume (Vw) of the-booth circulation water, a volume (Vx) of the 
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filtrate, a volume (Vy) of the-a_collected solution in the-a_condensation bath, and a volume (Vz) 
of the-condensed paint in the-a_paint tank, that is (Vw+Vx+Vy+Vz), is-kept being maintained 
constant. In addition, in a_case where the system further comprises a settling tank for storing the 
booth circulation water and a rinse tank for storing filtrate taking out o f removed from a the 
filtrate bath, the present invention can also be achieved by tha^a total of a volume (Vw) of the 
booth circulation water, a volume (Vx) of the-filtrate, a volume (Vy) of the-collected solution in 
the~a_condensation bath, a volume (Vz) of the-condensed paint in the~a_paint tank, a volume (Vs) 
of the-booth circulation water in the settling tank and a volume (Vt) of the-filtrate in the rinse 
tank, that is (Vw+Vx+Vy+Vz+Vs+Vt), is-kept being maintained constant. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] Figure 1 is a schematic view that shows one example of the-a_recycling system of 

for aqueous paint according to the present invention. 

[0013] Figure 2 is a schematic view that shows another example of the recycling system 

for of aqueous paint according to the present invention. 

[0014] Figure 3 is a flow chart fe ^showing a controlling operation k* -for the r e cycl e 

recycling system of the present invention. 

[0015] Figure 4 is a schematic view that shows a conventional recycling system for ef 

aqueous paint. 

DETAILED DESCRIPTION OF THE INVENTION PREFERRED EMBODIMENTS 

[0016] In the- a recycling reeyeie system of the present invention as shown in Fig. 1, an 

aqueous paint 20 is spray-coated on- onto an article 50 to be coated by a coating gun 2 in a water- 
curtain-type coating booth 1^ and an over-spray paint 4 that has not b ee n appli e d on adhered to 
the article 50 is collected by water curtain 3 , which contains containing a booth circulation water 
6. : Fhe- This collected paint is sent to a condensation bath 7 as a collected liquid 8 through a booth 
circulation bath 5. 

[0017] The collected liquid 8 is optionally sent to a -an ultra-filtration ultrafiltration 

apparatus 9 to separate it4e from the liquid filtrate 1 l a and the-remaining liquid is returned to the 
condensation bath 7 and repeatedly subjected to condensation by the ultra-filtration ultrafiltration 
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apparatus 9 to condense the liquid so as to form condensed paint 13. The condensed paint 13 is 
transferred to a paint tank 12 and stored therein. 

[0018] The filtrate 11, having been separated,, is stored in a filtrate bath 10. The 

condensed paint 13 stored in the paint tank 12 is suitably adjusted to form an aqueous paint for 
coating an article , which paint is spray-coated again in the water-curtain-type coating booth. 
[0019] In the other another example of the r e cycl e recycling system of the present 

invention as shown in Fig. 2, a settling tank 15 for storing the-collected liquid 8 or booth 
circulation water 6 is present between the-condensation bath 7 and the-booth circulation bath 5. In 
addition, a rinse tank 14^ for storing a portion of the-filtrate 11 to rinse the ultrafiltration ultra- 
filtration apparatus 9 X is present attached to the ultra-filtration ultrafiltration apparatus 9- and also 
connected with the to filtrate bath 10. 

[0020] According to the present invention, material balance of liquid in the recycle 

recycling system should be kept- maintained constant during a_coating operation. That is, a total 
volume of liquid present in the recycle recycling system as shown in Fig. 1 is kep ^maintained 
constant during a_coating operation. This is achieved by tha£- having a total of a volume (Vw) of 
the booth circulation water, a volume (Vx) of the filtrate, a volume (Vy) of the collected solution 
in the condensation bath, and a volume (Vz) of the condensed paint in the paint tank, that is 
(Vw+Vx+Vy+Vz), is-kept maintained constant. In addition, in a_case where the system further 
comprises a settling tank for storing the-booth circulation water, and a rinse tank for storing 
filtrate taking out o f removed from the filtrate bath as shown in Fig. 2 , the present invention can 
also be achieved by that- havina a total of a volume (Vw) of the-booth circulation water not in the 
settling tank , a volume (Vx) of the^filtrate not in the rinse tank , a volume (Vy) of the collected 
solution in the condensation bath, a volume (Vz) of the condensed paint in the paint tank, a 
volume (Vs) of the booth circulation water in the settling tank and a volume (Vt) of the filtrate in 
the rinse tank, that is (Vw+Vx+Vy+Vz+Vs+Vt), is-kept maintained constant. 
[0021] A few preferred embodiments are hereinafter explained. 

Embodiment 1 

[0022] In one embodiment of the present invention, when spray-coating is stopped after 

operating the system for a certain period of time, a portion of filtrate 11 is sent to the-coating 
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booth 1 from the-filtrate bath 10 to clean the in s ide an interior of the coating booth 1. After 
cleaning the coating booth 1, the-booth circulation water 6 in the-booth circulation bath 5 is sent 
to the-condensation bath 7 and then spray-coating will re-start. When the portion of the filtrate 1 1 
is sent to the coating booth 1 , it may be sent to either the booth circulation bath 5 or a booth 
cleaning pipe. When cleaning the coating booth 1, all e^walls inside the coating booth 1 are 
cleaned, in addition to the usual cleaning with the water curtain 3. 

[0023] In th e e mbodim e nt Embodiment 1„ a total of a volume (Vw) of the booth 

circulation water 6 in booth circulation bath 5 , a volume (Vx) of the filtrate 1 1 in the filtrate bath 
jO, a volume (Vy) of the-collected solution 8 in the condensation bath 7, and a volume (Vz) of 
the-condensed paint 13 in the-paint tank 12, that is (Vw+Vx+Vy+Vz), is keptr-maintained 
constant. In a_case where-of the second example of Fig. 2, the-liquid volume (Vs) of the settling 
tank 15 and the-liquid volume (Vt) of the rinse tank 14 should atee-be added to the above total. 
[0024] In Fig. 3, a flow chart is described. For example, the-aqueous paint 20 has a solid 

content of 30 to 60 % by weight and is spray-coated ia- onto an article during a certain period of 
time. When stopping the- this spray-coating, a certain amount of the-filtrate 1 1 is sent to the 
coating booth 1 . Th e booth Booth circulation water 6 increases in an amount by4he- eqaul to the 
amount of filtrate 1 1 sent to the coating booth, and is employed for water curtain 3 to clean inside 
th e an interior of coating booth 1^ and then sent to the-condensation bath 7, followed by re- 
starting a spray-coating operation within the coating booth 1 . 

[0025] After starting re-starting the spray coating operation, and before or during 

generating a small amount of the evaporation of the eva porated booth circulation water 6 in the 
booth circulation bath 5, the booth circulation water 6 is sent to the condensation bath 7 as sa m e 
in an amount as- equal to the amount of the filtrate s ending sent to the coating booth 1 . Then, in 
order to compensate for the-loss of the filtrate 11, the-collected liquid 8 in the condensation bath 7 
is sent to the ultrafiltration ultra-filtration apparatus 9 to condense the collected liquid 8 to a non- 
volatile content of about 0.5 to 30 % by weighty and to generate a certain amount of filtrate. The 
collected liquid is further subjected to condensation to obtain condensed paint 13 with a solid 
content of 25 to 60 % by weight. The condensed paint 13 is transferred to the-paint tank 12 te 
stere for storage . The filtrate 1 1 is stored in the-filtrate bath 10, but a portion ef4 t thereof is sent to 
a rinse tank 14 te-stere for storage and is to be used for rinsing of the ultra-filtration ultrafi Itration 
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apparatus 9. 

[0026] The condensed Condensed paint is optionally taken out removed from tbe-paint 

tank 12 and adjusted to- for re-use. 

Embodiment 2 

[0027] In the-a_second embodiment of the present invention, when the recycle recycling 

system is operated ia- for a certain period of time and then the-spray-coating of an article is 
stopped, a certain amount of tfee-filtrate is sent from fee-filtrate bath 10 to the-booth circulation 
bath 5 to clean inside the an interior of coating booth J_, followed by re-starting of a spray-coating 
operation . Thereafter, water is supplied to the recycling system thereto a s the same in an amount 
equal to an amount as the loss of liquid of the booth circulation water 6 lost by vaporization or 
the like a during acoating operation^ to control the-ajiquid amount of the system. In other words, 
the second embodiment is one wherein the-loss of liquid within the system by performing a 
coating operation is compensated for by externally supplied with supplying water into the system 
so as to make the~a_liquid amount constant. 

[0028] In Embodiment 2, after a certain amount of the-filtrate 1 1 is sent from the filtrate 

bath 10 to the booth circulation bath 5^ as similar to Embodiment 1, spray-coating starts again. At 
this point, the booth circulation water 6 in the booth circulation bath 5 is present in an increased 
by an amount a s same as th e filtrate equal to an amount of the filtrate sent from the filtrate bath 
10 to the booth circulation bath 5 , but the-atotak amount of liquid is unchanged. 
[0029] However, water or other solvents are evaporated from the system to reduce its~an 

amount of water in the system , when operating the system (such as spray coating with water 
curtain 3 of the booth circulation water 6). If the collected liquid is sent to the ultrafiltration 
ultra-filtration apparatus 9 to separate and condense this liquid without supplementing liquid^ as 
similar to Embodiment 1, both the-a^resulting condensed paint and filtrate are changed in 
composition. In other words, evaporation of water results in the-reduction of tbe-atotal amount of 
liquid, and therefore, a content of each component increases in relation thereto, thus the-resulting 
ilLCondensed paint ben^ becoming outside the- of a controlled range. 

[0030] Accordingly, in Embodiment 2, water is supplied as t he s ame in an amount as the 

loss equal to an amount of liquid amount lost by evaporation of liquid , and the like, eter into the 
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condensation bath 7? before separating and condensing the-collected liquid 8_in the ultra-filtration 
ultrafiltration apparatus 9. This is mad e results in material balance being constant and keeps-also 
maintains constant the-acompositional amount of the-obtained condensed paint and filtrate. After 
supplying water to the-condensation bath 7, the-collected liquid 8 is separated and condensed in 
the ultrafiltration ultra-filtration apparatus 9 to obtain the~condensed paint 13, which is optionally 
adjusted te-for re-use as aqueous paint. 

[0031] For example, the-aqueous paint 20 has a solid content of 30 to 60 by weight and is 

spray-coated in-for a certain period of time. When stopping the- this spray-coating operation , a 
certain amount of tfee-filtrate 11 is sent to the-booth circulation bath 5. The booth Booth 
circulation water 6 increases in an_amount by-&e equal to an amount of filtrate 1 1 sent to the 
booth circulation bath, and is employed for water curtain 3 to clean inside the an interior of 
coating booth 1, followed by re-starting aspray-coating operation in the booth 1. 
[0032] After re-starting the spray coating spray-coating operation, and before separating 

and condensing the-collected liquid 8, water is added into the-condensation bath 7 to control the-a 
total amount of (Vw+Vx+Vy+Vz+Vs+Vt) to be constant, in case wh e r e th e _ ^a total amount of 
liquid in the system is less than ascertain level. Then, separation and condensation are conducted 
in the- ultra-filtration apparatus 9. Thereafter, the collected liquid 8 in the condensation bath 7 is 
sent to the ultra-filtration ultrafiltration apparatus 9 to condense the collected liquid 8 te- into a 
non-volatile content of about 40 to 60 % by weight and to generate a certain amount of filtrate. 
The condensed Condensened paint 13 is transferred to the-paint tank 12 te-stere for storage . The 
filtrate Filtrate 1 1 is stored in the-filtrate bath 10, but a portion of it is sent to a-the rinse tank 14 
for storage and is to be used to stor e for rinsing of the ultra-filtration ultrafi lt ration apparatus 9. 
[0033] According to the present invention, the-a_total liquid volume is made- maintained 

constant, so that water is supplied within the system for compensating loss of liquid in -from the 
system^ by- resulting from vaporizing or carrying being carried out with applied paint. The supply 
Supp ly of water may be conducted at whatever any portion within the system, but k- water is 
generally is-supplied in-to the booth circulation water when re-starting a coating operation. in In 
addition to A or i n r e place with the as an alternative to supplying water to the booth circulation 
water, water suppl y may be supplied at tbe-a_portion of the-condensation bath 7 before separating 
it- collected liquid 8 in the ultra-filtration ultrafiltration apparatus 9, as explained in Embodiment 
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2. 

[0034] The wate r Water supply into the booth circulation water 6 can be conducted by 

using a water level sensor eq uipped with provided within the booth circulation bath 5 A and a 
water supply apparatus functioned operated in conduction with an output of the water level 
sensor. For example, when re-starting a coating operation , a water level (liquid level) is lowered 
by evaporation of water or carry out with c oated carrying; out of water upon coating of articles,, 
and supplied with water by th e function use of the water level sensor and the water supply 
apparatus unttl- results in the water level is -being retrieved. As the-ajesult, the-material balance 
within the system is made -maintained constant by the-water supply. 

[0035] The supply Supply of water into the booth circulation water 6 not only inhibits the 

significant loss of an amount of liquid amount of the booth circulation water 6 in the booth 
circulation bath 5, but also ensures a_sufficient water amount for water curtain 3. This inhibits 
generation of floating materials or impurities in the booth circulation water 6 and shortens a 
period of time for separating and condensing collected liquid 8 in the ultrafiltration ultra-filtration 
apparatus 9, which enhances ajecycle efficiency of the r e cycl e system, 

[0036] According to the present invention, the-condensed paint 13 is adjusted with either 

a new aqueous paint or a liquid mixture of volatile components contained in the-aqueous painty or 
the-both^ to form recycled aqueous paint. The aqueous paint used in the present invention 
generally comprises non-volatile components (such as a_binder resin, pigment, additives and the 
like), a__small amount of volatile components (such as absolvent other than water, auxiliary 
components (e.g. asurfactant) and the like) and water. 

[0037] In the prior art method, the-condensed paint is subjected to compositional analysis, 

and necessary compositional amounts are calculated therefrom for adjusting recycled paint. This 
method generally takes a quite long time and ^ineffective. In the present invention, however, it 
is very simple that water is added and non-volatile components are supplemented in the form ofa 
paint composition to form recycled aqueous paint. This is because the-condensed paint formed by 
ultra-filtration ultrafiltlation contains necessary components in quite sufficient amounts, and if 
water occupying ajarge amount of aqueous paint is added thereto, there may there mav be no 
need of adjustment of small amounts of volatile components. 

[0038] In the present invention, the— time-consuming adjustment m-of the prior art 
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technique is not necessary. Instead, water or new paint is added to the-condensed paint without 
any calculation of composition, in simple notice of atotal liquid amount in the system, to result in 
obtaining recycled aqueous paint. 

[0039] The equipment Equipment and deviee- de vices employed in the recycle recycling 

system of the present invention (e.g. water-curtain-type coating booth 1, spray gun 2, booth 
circulation water 6 bath 5 , filtrate bath 10, paint tank 12, ultra-fi 1 trati on ultrafi 1 tration apparatus 9 
and the like) are not limited and can be those that have been used in conventional aqueous paint 
coating systems. 

[0040] In the present invention, water is used for the system and aqueous paint. The water 

is generally ion-exchanged water A or purified water for preventing immixture of foreign matters 
matter into the system. 

[0041] According to the present invention, the~a_material balance within the recycle 

recycling system is controlled by a simple method wherein ajiquid amount in the system is 
merely monitored and the-loss of the-ajiquid amount is supplied mainly with mainly water that is 
sometimes admixed with aqueous paint or other organic solvents. This method makes fee-control 
of the system easy and does not always necessitate the-acompositional analysis , which that has 
been used for adjusting condensed paint to recycled usable aqueous paint. 
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ABSTRACT OF THE DISCLOSURE 

The present inv e ntion is to provide a recycle system of aqu e ous paint, wh e r e in material 
Material balance is kept -maintained in a recycling system for aqueous paint by controlling a 
liquid amount within the recycle recycling system when- while spray-coating an article . The 
sy s tem comprises : A recycling method includes: coating an article to be coated with ae-aqueous 
paint in a water-curtain-type coating booth r LCollecting an over-spray paint, that does not adhere 
with tothe article^ by virtue of a water curtain water curtain, : sending the~a_collected solution of 
paint and water to a condensation bath through a booth circulation water bath r i_separating it-this 
solution by a- an ultra-filtration ultrafiltration apparatus into condensed paint and filtrate, with the 
condensed paint being transferred to a paint tank r ;_and taking the removing condensed paint out 
e f from the paint tank, if necessary for adjustment of aqueous paint to adjust , followed by coating 
it as an this aqueous paint onto an article , wherein a total amount of liquid present within the 
recycle recycling system is controlled to be constant during spray-coating of an article. 
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METHOD FOR RECYCLING AQUEOUS PAINT 
FIELD OF THE INVENTION 

[0001] The present invention relates to a method for controlling a recycling system for 

aqueous paint in order to stably repeat a cycle in which aqueous paint is coated onto an article, 
collected and re-used. 

BACKGROUND OF THE INVENTION 

[0002] Aqueous paint has widely been used for coating industrial products. Aqueous 

paint is especially noted from a point of re-use without paint waste, because over-sprayed paint, 
i.e. aqueous paint that does not adhere to an article during coating thereof, is collected with 
water, filtered and condensed, and then re-used as paint. Aqueous paint also tends to be more 
widely used because a filtrate of the paint is water, and because the paint is easily handled 
without any problem, such as air pollution, in comparison with a paint using an organic solvent. 
[0003] A recycling system for aqueous paint currently used is proposed in, for example, 

Japanese Kokai Publication Hei 5 (1993) - 228422, of which a schematic view is shown in Fig. 4. 
In Fig. 4, when an article 250 is coated with aqueous paint 220 sprayed from a coating-gun 202 in 
a spray coating room 201, an over-sprayed paint 204 that does not adhere to the article is 
collected by water-curtain 203 formed from aqueous rinsing liquid. Liquid containing this 
collected paint is partially sent to an ultra-filtration apparatus 208 through a pre-filter 207 to 
separate the liquid into filtrate 213 and condensed paint 214. The filtrate 213 is used again as an 
aqueous rinsing liquid. The condensed paint 214 is subjected to condensation several times by the 
ultra-filtration apparatus 208. A small portion of the condensed paint 214 is sampled and 
subjected to compositional analysis so as to obtain by calculation an amount of each component 
to be supplied for forming recycled paint, so that a supplemental paint 209 is separately formed. 
The condensed paint 214 is then mixed with the supplemental paint 209 in a supplemental 
apparatus 210 to form an aqueous paint 211 for recycle use, which is spray coated onto another 
article. 

[0004] After a certain period of operation of the above-mentioned recycling system, 

aqueous paint that has not been coated onto articles during a coating operation, and that spreads 
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out to adhere onto a wall surface of the coating booth, is eventually dried and solidified so as to 
become floating matter or an impurity. In order to remove this floating matter or impurity from 
the recycling system, the coating booth is cleaned with water or booth circulating water 206 when 
a coating operation is stopped. This cleaning, in turn, significantly increases an amount of the 
booth circulating water 206 and results in extending a period of time for subsequent separation 
and condensation steps. If an amount of the booth circulating water 206 is too small, the floating 
matter or impurity is insufficiently removed and causes plugging of the pre-filter 207 and the 
ultra-filtration apparatus 208. 

[0005] In the above mentioned Japanese Kokai Publication Hei 5 (1993) - 228422, 

preparation of supplemental paint 209 supplements removed components such as floating matter 
or an impurity and supplies water and low molecular weight volatile materials. Preparation of the 
supplemental paint 209 is conducted by a compositional analysis of condensed paint 214, and a 
calculation of supplementing an amount of each component from a result of this analysis. 
Supplementing amounts obtained by the analysis does not make effective use of sources of paint, 
and it takes a relatively long time for preparing a recycled paint. In addition, this method does not 
control a liquid amount of a cleaning liquid and paint, and therefore, does not maintain material 
balance throughout the system. 

OBJECT OF THE INVENTION 

[0006] The present invention is to provide a recycling method for aqueous paint, wherein 

material balance is maintained by integrally controlling a liquid amount within a recycling 
system during spray-coating of an article. 

[0007] The present invention also provides a recycling method for aqueous paint, which 

is simply conducted without compositional analysis or calculation of supplemental amounts of 
components from condensed paint that has been collected in a recycling system. Accordingly, the 
present invention provides a recycling method that can easily obtain a recycled paint having a 
constant paint composition without performing a compositional analysis. 



SUMMARY OF THE INVENTION 

[0008] The present inventors have found that the above-mentioned problems have been 
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overcome by maintaing material balance by way of controlling volume of each liquid derived 
from aqueous paint and booth circulation water moving within a recycling system. 
[0009] That is, the present invention provides within a recycling system for aqueous 

paint, a method comprising: 

coating an article with an aqueous paint in a water-curtain-type coating booth, 
collecting an over-spray paint that does not adhere to the article by virtue of a water- 
curtain, 

sending this collected solution of paint and water to a condensation bath through a booth 
circulation water bath, 

separating this solution, by an ultra-filtration apparatus, into condensed paint and filtrate, 
with the condensed paint being transferred to a paint tank, and 

removing condensed paint from the paint tank if necessary for adjustment , followed by 
coating this paint, as an aqueous paint, onto an article, 

wherein a total amount of liquid present within the recycling system is controlled to be 
constant during spray-coating of an article with aqueous paint. 

[0010] In the recycling system of the present invention, the term "liquid amount" means a 

volume amount of liquid present in the recycling system, for example volume amount of booth 
circulation water, volume amount of filtrate, volume amount of collected liquid in a condensation 
bath and volume amount of condensed paint in a paint tank, and the like, as well as volume 
amount of liquid present in pipe lines in the system. 

[0011] In the present invention, a total amount of liquid present within the recycling 

system should be controlled to be constant during spray-coating of an article. This is achieved by 
a total of a volume (Vw) of booth circulation water, a volume (Vx) of filtrate, a volume (Vy) of a 
collected solution in a condensation bath, and a volume (Vz) of condensed paint in a paint tank, 
that is (Vw+Vx+Vy+Vz), being maintained constant. In addition, in a case where the system 
further comprises a settling tank for storing booth circulation water and a rinse tank for storing 
filtrate removed from a filtrate bath, the present invention can also be achieved by a total of a 
volume (Vw) of booth circulation water, a volume (Vx) of filtrate, a volume (Vy) of collected 
solution in a condensation bath, a volume (Vz) of condensed paint in a paint tank, a volume (Vs) 
of booth circulation water in the settling tank and a volume (Vt) of filtrate in the rinse tank, that is 
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(Vw+Vx+Vy+Vz+Vs+Vt), being maintained constant. 
BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] Figure 1 is a schematic view that shows one example of a recycling system for 

aqueous paint according to the present invention. 

[0013] Figure 2 is a schematic view that shows another example of the recycling system 

for aqueous paint according to the present invention. 

[0014] Figure 3 is a flow chart showing a controlling operation for the recycling system 

of the present invention. 

[0015] Figure 4 is a schematic view that shows a conventional recycling system for 

aqueous paint. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0016] In a recycling system of the present invention as shown in Fig. 1, an aqueous 

paint 20 is spray-coated onto an article 50by a coating gun 2 in a water-curtain-type coating 

booth 1, and an over-spray paint 4 that has not adhered to the article 50 is collected by water 

curtain 3, which contains a booth circulation water 6. This collected paint is sent to a 

condensation bath 7 as a collected liquid 8 through a booth circulation bath 5. 

[0017] The collected liquid 8 is optionally sent to an ultra-filtration apparatus 9 to 

separate from the liquid filtrate 11, and remaining liquid is returned to the condensation bath 7 

and repeatedly subjected to condensation by the ultra-filtration apparatus 9 to condense the 

liquid so as to form condensed paint 13. The condensed paint 13 is transferred to a paint tank 12 

and stored therein. 

[0018] The filtrate 11, having been separated, is stored in a filtrate bath 10. The 

condensed paint 13 stored in the paint tank 12 is suitably adjusted to form an aqueous paint for 
coating an article, which paint is spray-coated again in the water-curtain-type coating booth. 
[0019] In another example of the recycling system of the present invention as shown in 

Fig. 2, a settling tank 15 for storing collected liquid 8 or booth circulation water 6 is present 
between condensation bath 7 and booth circulation bath 5. In addition, a rinse tank 14, for storing 
a portion of filtrate 1 1 to rinse ultra-filtration apparatus 9, is attached to the ultra-filtration 
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apparatus 9 and also connected to filtrate bath 10. 

[0020] According to the present invention, material balance of liquid in the recycling 

system should be maintained constant during a coating operation. That is, a total volume of liquid 
present in the recycling system as shown in Fig. 1 is maintained constant during a coating 
operation. This is achieved by having a total of a volume (Vw) of the booth circulation water, a 
volume (Vx) of the filtrate, a volume (Vy) of the collected solution in the condensation bath, and 
a volume (Vz) of the condensed paint in the paint tank, that is (Vw-f Vx+Vy+Vz), maintained 
constant. In addition, in a case where the system further comprises a settling tank for storing 
booth circulation water, and a rinse tank for storing filtrate removed from the filtrate bath as 
shown in Fig. 2, the present invention can also be achieved by having a total of a volume (Vw) of 
booth circulation water not in the settling tank, a volume (Vx) of filtrate not in the rinse tank, a 
volume (Vy) of the collected solution in the condensation bath, a volume (Vz) of the condensed 
paint in the paint tank, a volume (Vs) of the booth circulation water in the settling tank and a 
volume (Vt) of the filtrate in the rinse tank, that is (Vw+Vx+Vy+Vz+Vs+Vt), maintained 
constant. 

[0021] A few preferred embodiments are hereinafter explained. 

Embodiment 1 

[0022] In one embodiment of the present invention, when spray-coating is stopped after 

operating the system for a certain period of time, a portion of filtrate 1 1 is sent to coating booth 1 
from filtrate bath 10 to clean an interior of the coating booth 1. After cleaning the coating booth 
1, booth circulation water 6 in booth circulation bath 5 is sent to condensation bath 7 and then 
spray-coating will re-start. When the portion of the filtrate 11 is sent to the coating booth 1, it 
may be sent to either the booth circulation bath 5 or a booth cleaning pipe. When cleaning the 
coating booth 1, all walls inside the coating booth 1 are cleaned, in addition to usual cleaning 
with water curtain 3. 

[0023] In Embodiment 1, a total of a volume (Vw) of the booth circulation water 6 in 

booth circulation bath 5, a volume (Vx) of the filtrate 1 1 in the filtrate bath 10, a volume (Vy) of 
collected solution 8 in the condensation bath 7, and a volume (Vz) of condensed paint 13 in paint 
tank 12, that is (Vw+Vx+Vy+Vz), is maintained constant. In a case of the second example of Fig. 
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2, liquid volume (Vs) of the settling tank 15 and liquid volume (Vt) of the rinse tank 14 should be 
added to the above total. 

[0024] In Fig. 3, a flow chart is described. For example, aqueous paint 20 has a solid 

content of 30 to 60 % by weight and is spray-coated onto an article during a certain period of 
time. When stopping this spray-coating, a certain amount of filtrate 1 1 is sent to the coating booth 
1 . Booth circulation water 6 increases in an amount eqaul to the amount of filtrate 1 1 sent to the 
coating booth, and is employed for water curtain 3 to clean an interior of coating booth 1, and 
then sent to condensation bath 7, followed by re-starting a spray-coating operation within the 
coating booth 1 . 

[0025] After re-starting the spray coating operation, and before or during generating a 

small amount of evaporated booth circulation water 6 in booth circulation bath 5, the booth 
circulation water 6 is sent to the condensation bath 7 in an amount equal to the amount of the 
filtrate sent to the coating booth 1. Then, in order to compensate for loss of the filtrate 11, 
collected liquid 8 in the condensation bath 7 is sent to ultra-filtration apparatus 9 to condense the 
collected liquid 8 to a non-volatile content of about 0.5 to 30 % by weight, and to generate a 
certain amount of filtrate. The collected liquid is further subjected to condensation to obtain 
condensed paint 13 with a solid content of 25 to 60 % by weight. The condensed paint 13 is 
transferred to paint tank 12 for storage. The filtrate 1 1 is stored in filtrate bath 10, but a portion 
thereof is sent to rinse tank 14 for storage and is to be used for rinsing of the ultra- filtration 
apparatus 9. 

[0026] Condensed paint is optionally removed from paint tank 12 and adjusted for re- 

use. 

Embodiment 2 

[0027] In a second embodiment of the present invention, when the recycling system is 

operated for a certain period of time and then spray-coating of an article is stopped, a certain 
amount of filtrate is sent from filtrate bath 10 to booth circulation bath 5 to clean an interior of 
coating booth 1, followed by re-starting of a spray-coating operation. Thereafter, water is 
supplied to the recycling system in an amount equal to an amount of booth circulation water 6 
lost by vaporization or the like, during a coating operation, to control a liquid amount of the 
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system. In other words, the second embodiment is one wherein loss of liquid within the system 
by performing a coating operation is compensated for by externally supplying water into the 
system so as to make a liquid amount constant. 

[0028] In Embodiment 2, after a certain amount of filtrate 1 1 is sent from the filtrate bath 

10 to the booth circulation bath 5, similar to Embodiment 1, spray-coating starts again. At this 
point, the booth circulation water 6 in the booth circulation bath 5 is increased by an amount 
equal to an amount of the filtrate sent from the filtrate bath 10 to the booth circulation bath 5, but 
a total amount of liquid is unchanged. 

[0029] However, water or other solvents are evaporated from the system to reduce an 

amount of water in the system, when operating the system (such as spray coating with water 
curtain 3 of the booth circulation water 6). If the collected liquid is sent to 

ultra-filtration apparatus 9 to separate and condense this liquid without supplementing liquid, 
similar to Embodiment 1, both a resulting condensed paint and filtrate are changed in 
composition. In other words, evaporation of water results in reduction of a total amount of liquid, 
and therefore, a content of each component increases in relation thereto, thus resulting in 
condensed paint becoming outside of a controlled range. 

[0030] Accordingly, in Embodiment 2, water is supplied in an amount equal to an 

amount of liquid lost by evaporation, and the like, into condensation bath 7 before separating and 
condensing collected liquid 8 in the ultra-filtration apparatus 9. This results in material balance 
being constant and also maintains constant a compositional amount of obtained condensed paint 
and filtrate. After supplying water to condensation bath 7, collected liquid 8 is separated and 
condensed in ultra-filtration apparatus 9 to obtain condensed paint 13, which is optionally 
adjusted for re-use as aqueous paint. 

[0031] For example, aqueous paint 20 has a solid content of 30 to 60 by weight and is 

spray-coated for a certain period of time. When stopping this spray-coating operation, a certain 
amount of filtrate 1 1 is sent to booth circulation bath 5. Booth circulation water 6 increases in an 
amount equal to an amount of filtrate 1 1 sent to the booth circulation bath, and is employed for 
water curtain 3 to clean an interior of coating booth 1, followed by re-starting a spray-coating 
operation in the booth 1 . 

[0032] After re-starting the spray-coating operation, and before separating and 
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condensing collected liquid 8, water is added into condensation bath 7 to control a total amount 
of (Vw+Vx+Vy+Vz+Vs+Vt) to be constant, in case a total amount of liquid in the system is less 
than a certain level. Then, separation and condensation are conducted in ultra-filtration apparatus 
9. Thereafter, the collected liquid 8 in the condensation bath 7 is sent to the ultra-filtration 
apparatus 9 to condense the collected liquid 8 into a non- volatile content of about 40 to 60 % by 
weight and to generate a certain amount of filtrate. Condensened paint 13 is transferred to paint 
tank 12 for storage. Filtrate 1 1 is stored in filtrate bath 10, but a portion of it is sent to the rinse 
tank 14 for storage and is to be used for rinsing of the ultra-filtration apparatus 9. 
[0033] According to the present invention, a total liquid volume is maintained constant, 

so that water is supplied within the system for compensating loss of liquid from the system, 
resulting from vaporizing or being carried out with applied paint. Supply of water may be 
conducted at any portion within the system, but water is generally supplied to the booth 
circulation water when re-starting a coating operation. In addition to, or as an alternative to 
supplying water to the booth circulation water, water may be supplied at a portion of 
condensation bath 7 before separating collected liquid 8 in the ultra-filtration apparatus 9, as 
explained in Embodiment 2. 

[0034] Water supply into the booth circulation water 6 can be conducted by using a water 

level sensor provided within the booth circulation bath 5, and a water supply apparatus operated 
in conjuction with an output of the water level sensor. For example, when re-starting a coating 
operation, a water level (liquid level) is lowered by evaporation of water or carrying out of water 
upon coating of articles, and use of the water level sensor and the water supply apparatus results 
in the water level being retrieved. As a result, material balance within the system is maintained 
constant by water supply. 

[0035] Supply of water into the booth circulation water 6 not only inhibits significant loss 

of an amount of the booth circulation water 6 in the booth circulation bath 5, but also ensures a 
sufficient water amount for water curtain 3. This inhibits generation of floating materials or 
impurities in the booth circulation water 6 and shortens a period of time for separating and 
condensing collected liquid 8 in ultra-filtration apparatus 9, which enhances a recycle efficiency 
of the system. 

[0036] According to the present invention, condensed paint 13 is adjusted with either a 
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new aqueous paint or a liquid mixture of volatile components contained in aqueous paint, or both, 
to form recycled aqueous paint. The aqueous paint used in the present invention generally 
comprises non-volatile components (such as a binder resin, pigment, additives and the like), a 
small amount of volatile components (such as a solvent other than water, auxiliary components 
(e.g. a surfactant) and the like) and water. 

[0037] In the prior art method, condensed paint is subjected to compositional analysis, 

and necessary compositional amounts are calculated therefrom for adjusting recycled paint. This 
method generally takes a quite long time and is ineffective. In the present invention, however, it 
is very simple that water is added and non- volatile components are supplemented in the form of a 
paint composition to form recycled aqueous paint. This is because condensed paint formed by 
ultra-filtration contains necessary components in quite sufficient amounts, and if water 
occupying a large amount of aqueous paint is added thereto, there may be no need of adjustment 
of small amounts of volatile components. 

[0038] In the present invention, time-consuming adjustment of the prior art technique is 

not necessary. Instead, water or new paint is added to condensed paint without any calculation of 
composition, in simple notice of a total liquid amount in the system, to result in obtaining 
recycled aqueous paint. 

[0039] Equipment and devices employed in the recycling system of the present invention 

(e.g. water-curtain-type coating booth 1, spray gun 2, booth circulation bath 5, filtrate bath 10, 
paint tank 12, ultra-filtration apparatus 9 and the like) are not limited and can be those that have 
been used in conventional aqueous paint coating systems. 

[0040] In the present invention, water is used for the system and aqueous paint. The water 

is generally ion-exchanged water, or purified water for preventing immixture of foreign matter 
into the system. 

[0041] According to the present invention, a material balance within the recycling system 

is controlled by a simple method wherein a liquid amount in the system is merely monitored and 
loss of a liquid amount is supplied mainly with water that is sometimes admixed with aqueous 
paint or other organic solvents. This method makes control of the system easy and does not 
always necessitate a compositional analysis, which has been used for adjusting condensed paint 
to recycled usable aqueous paint. 
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ABSTRACT OF THE DISCLOSURE 

Material balance is maintained in a recycling system for aqueous paint by controlling a 
liquid amount within the recycling system while spray-coating an article. A recycling method 
includes: coating an article with aqueous paint in a water-curtain-type coating booth; collecting 
an over-spray paint, that does not adhere to the article, by virtue of a water curtain ; sending a 
collected solution of paint and water to a condensation bath through a booth circulation water 
bath; separating this solution by an ultra-filtration apparatus into condensed paint and filtrate, 
with the condensed paint being transferred to a paint tank; and removing condensed paint from 
the paint tank, if necessary for adjustment of aqueous paint , followed by coating this aqueous 
paint onto an article, wherein a total amount of liquid present within the recycling system is 
controlled to be constant during spray-coating of an article. 



